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Supplementary information. Table S1 

Study Techniques/Composition/Size Key findings 

[1] 

Techniques: EM and Western blotting 

Composition: band 3, aggregated hemoglo-

bin, and lipid raft proteins were present in 

vesicles. Fas, FADD, procaspases 3 and 8, 

caspase 8 and caspase 3 cleavage products 

were present in vesicles after the 10th day, 

CD47 (after the 17th day), and immuno-

globulin G. 

During RBC storage, vesiculation enables RBCs to shed al-

tered or harmful material. 

[2] 

Techniques: gel electrophoresis and semi-

quantitative proteomic analysis, liquid chro-

matography, tandem mass spectrometry, 

Nano–LC-MS/MS 

Composition: Proteins: structural and 

transport proteins like Spectrin, ankyrin, 

Band 3, glucose transporter, protein 4.1, Pro-

tein 4.2, Protein 4.9, actin. Complement com-

ponents, immunoglobulin, membrane and 

cytoskeletal proteins, Hb, metabolic en-

zymes, chaperone, proteasome, Small G pro-

tein, raft, nucleic acids, proteins associated 

with Oxidation, Signal transduction were 

present 
 

Storage related changes in RBC membrane is attributed to cel-

lular aging and vesiculation. Vesiculation helps in removing 

damaged membrane patches. 

[3] 

Techniques: AFM, detergent-resistant mem-

brane analysis for raft protein content Com-

position: Acetylcholinesterase, band 3, CD55, 

stomatin, flotillin-1,2, and Duffy antigens. 

Concluded that stomatin specific, raft-based process in stor-

age associated RBC vesiculation. 

[4] 
 

Techniques: Qualitative and quantitative ex-

periments using FC and proteomic tech-

niques 

Composition: CD235a, stomatin (RBC band 7 

integral membrane protein), carbonic anhy-

drases, 14-3-3 proteins, , Hb α, β subunits 

etc., see Table 1[4] 

A 20-fold increase in RBCEVs after 50 days of storage at 4°C. 

Rhesus blood group antigens were present on EVs from 

stored RBCs. 

[5] - 

RBCEVs are elevated in splenectomized ITP patients. Levels 

of RBCEVs correlated with elevated clotting factor activities 

(FVIII, FIX and FXI) and shortened aPTT. RBCEVs may con-

tribute to increased risk of thrombosis and cardiovascular 

disease post-splenectomy. 

[6] 
Techniques: FC and thrombin generation as-

say. Composition: glycophorin A+ 

 

Circulatory levels of RBCEVs correlated with plasma levels 

of markers of hemolysis, platelet/endothelial cell activation, 

fibrinolysis and coagulation activation. procoagulant state in 

SCD patients is partially explained by the procoagulant ef-

fects of RBCEVs 

[7] Techniques: FC 
RBCEVs scavenge nitric oxide at slightly less rate than cell 

free Hb but faster than RBC-encapsulated Hb. 

[8] 
Techniques: ZYMUPHEN MP-Activity As-

say kit, FC 

Procoagulant properties of RBCEVs from PNH patients could 

contribute to the thrombogenesis of PNH. 
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[9] Techniques: FC 

Thrombospondin-1 mediated RBCEV shedding and its in-

volvement in acute vaso-occlusive events in Murine model of 

sickle cell disease. 

[10] 

Techniques: FC and procoagulant activity, 

TF, Thrombin generation, and FXIIa activity 

measurements. 

Composition: glycophorin A and CD239 

Blood from healthy individuals and the FXII-deficient donor, 

not using medication. RBCEVs alongside platelet EVs trigger 

thrombin generation via factor XIIa, independent of tissue 

factor. 

[11] 
Techniques: TEM, FC, Western blotting, 

AFM 

Contents: negatively charged phospholipids 

RBCEVs from stored blood induced thrombin generation in 

a FXI -dependent and tissue-factor-independent manner. 

[12] 
RBCEVs 106.5 ± 1.12 nm 

P.falciparum infected RBCEVs ∼120 nm 

EVs secreted from Plasmodium falciparum-infected RBCs me-

diate communication between cells. 

[11] 

Techniques: UC, TEM, FC, Western blotting 

Composition: negatively charged phospho-

lipids, 97% of RBCEVs expressed erythroid 

marker CD235a 

RBCEVs from stored blood induced thrombin generation in 

an FXI-dependent and tissue-factor-independent manner. 

[13] 
Techniques: UC, FC, Cryogenic TEM 

Composition: CD235a 

Under in vitro conditions, hemoglobin containing RBCEVs 

bound and transferred heme to human umbilical cord vascu-

lar endothelial cells and induced oxidative stress and apop-

tosis. Injection of hemoglobin containing RBCEVs injected in 

sickle cell disease mouse model resulted in rapid vaso-occlu-

sions in kidneys. 

[14] 

Techniques: FC, Acetylcholinesterase activ-

ity assay 

Composition: No change in glyco-

sylphosphatidylinositol (GPI)-linked en-

zyme CD59 and acetylcholinesterase protein 

levels, decrease in glycophorin A levels 

In vitro generated vesicles show loss in AChE activity, but 

not of AChE expression and AChE could be used as a meas-

ure of RBC ageing in vivo. 

[15] Techniques: TRPS, FC, DLS 

Length of storage impacts the EV size and concentration in 

RBC products.  TRPS: < 200 nm sized EVs increased 

throughout storage. TRPS and FC: ≥ 200 nm sized EVs in-

creased in RBC concentrates by day 42/43 compared to EVs 

present on day 3. DLS: only an increase in the zeta-average 

size was observed during storage. 

[16] 

Techniques: NTA, mass spectrometric and 

chromatographic techniques Composition: 

CD235a and Hb, PC-diacyl species, PE-

alkenyl-acyl and diacyl species, SM and PS. 

90% of particles 100–300 nm in size 

Absence of raft lipids in stored RBCEVs suggest that the ve-

siculation process does not involve raft-based mechanism. 

Moreover, phospholipid composition of red blood cells and 

corresponding extracellular vesicles were similar. 

[17] 

Techniques: Western blotting, TLC, AFM, 

NTA, mass spectrometric analysis. Composi-

tion: Hb, band 3, protein 4.1 and 4.2, spectrin, 

stomatin. Mean size of the vesicle’s AFM:  

88 ± 2 nm; 94 ± 5 nm; NTA 71 ± 1 nm. 

Calcium stimulated RBCEVs from healthy individuals and 

hereditary spherocytosis patient derived RBCEVs have al-

tered protein composition. Healthy individual EVs resemble 

fluid liposomes and those from hereditary spherocytosis pa-

tients have a softer membrane, which might be responsible 

for increased rate of EV budding seen in HS patients. 

[18] 
Techniques: FC, TRPS Assay. Composition: 

ATP, 2,3- DPG levels saw a significant de-

crease. 

Length of storage and blood manufacturing protocol deter-

mine the size and concentration of the EVs. 
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[19] 

Techniques: TEM and NTA 

Composition: Abundance of human miR-

NAs and tRNA-derived fragments. Y-RNAs, 

vault RNAs, snoRNAs and piRNAs were 

also present. 305 Human regulatory miRNAs 

were identified in at least one sample and 61 

miRNAs were present in all the 3 samples. 

miR451a miR486-5p (22.51%), miR92a-3p 

(9.37%) and miR103a-3p (6.34%) were abun-

dant. EVs enriched in stomatin and RESA 

and negative for the endoplasmic reticulum 

Bip 

EVs derived from in vitro cultures of P. falciparum and human 

iRBCs. Plasmodial extracellular RNAs are associated with 

EVs and participate in RNA cargo delivery to human endo-

thelial cells. 

[20] - 

RBCEVs positively correlated with fasting blood glucose and 

predicted the presence of T2DM independent of platelet de-

rived vesicles. 

[21] 

Techniques: FC, PCA ELISA. Composition: 

Total EVs: Majority of RBC origin - 87% pos-

itive for Glycophorin A and 44% for annexin 

V 

A 17.6-fold increase in RBCEVs after 6 weeks of storage. 

RBCEVs are procoagulant and their reduction can minimize 

transfusion-induced thrombotic complications. 

[22] 

Techniques: TEM, western blotting, and 

DLS. MicroRNA microarray, qRT-PCR, bio-

informatics analysis 

Composition: Short RNA are abundant com-

pared to long RNA. Size of RBCEVs were 

64.08 nm 

Seventy-eight miRNAs detected in three exosome samples. 

Top 3 abundant miRs: miR-125b-5p, miR-4454, and miR-451a. 

miR-4454 and miR-451a increased with increased storage 

time 

[23] 
Techniques: FC 

Composition: PNH patients lacked PS expo-

sure on RBCEVs 

No significant difference between RBCEV concentration be-

tween PNH patients and controls. CD59-high RBCEV was 

more in control plasma donors compared to PNH patients. 

[24] 
Techniques: FC, TEM 

Composition: miRNA-150, CD9 and CD81 

EVs generated by the intravenous administration of synge-

neic RBCs suppress delayed-type hypersensitivity reactions 

through miRNA-150 dependent mechanisms. 

[25] 

Techniques: FC, NTA, Western blotting, size 

exclusion chromatography, thrombin gener-

ation assay. 

Composition: tetraspanin CD63 (low abun-

dance). α-Actinin1(abundance), Alix (barely 

detected) 

RBCEVs induce human coagulation factor XII dependent 

thrombin generation in the absence of corn trypsin inhibitor 

[26] 

Techniques: FC, NTA, TEM, Lipidomic anal-

ysis, Cell targeting analysis. 

Composition: parasite protein HRP II and 

membrane protein Glycophorin A. 

Size of RBCEVs 211.0 ± 8.1 nm; were slightly 

larger than pRBCEVs 179.7 ± 6.8 nm; 

No significant qualitative differences were observed between 

EVs from Plasmodium falciparum-infected RBCs (pRBCs) and 

normal RBCs. 

pRBCEVs loaded with antimalarial drugs atovaquone and 

tafenoquine inhibited in vitro P. falciparum growth more effi-

ciently compared to non-encapsulated drugs. The pRBCEVs 

have an impact on the efficacy of hydrophobic drugs to treat 

malaria. 

[27] 

Techniques: Scanning Electron Microscopy, 

Spectrin Immunofluorescence, 

Composition: EVs from stored blood in 

K+/EDTA tubes for up to 4 weeks at 4°C - en-

richment of ceramide and dihydroceramide 

species at the end of the storage period. SM 

and PC decreased upon storage. Lyso-PI and 

Four successive events are involved in RBCEV shedding from 

lipid domains: 1. cholesterol domain decrease, 2. oxidative 

stress, 3. sphingomyelin/sphingomyelinase/ceramide/cal-

cium alteration, and 4. phosphatidylserine exposure. 
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Lysyl-PG increased between the 3rd and 4th 

weeks Lyso-PC and Lyso-PE species re-

mained almost stable. 

[28] 
Techniques: FC, cell-flow-properties-ana-

lyzer Composition: CD235, CD35, and An-

nexin V 

EV formation plays a vital role in increased RBC rigidity dur-

ing storage 

[29] 
Techniques: DLS and NTA 

Composition: PS 

FXII and prekallikrein pathways are activated by RBCEV 

(larger microvesicles) leading to FIX activation by the classic 

FXIIa-FXI-FIX pathway and direct kallikrein pathway. These 

pathways are potential targets to prevent thrombotic and/or 

inflammatory complications of red blood cell transfusion. 

[30] 

Techniques: Cryo-TEM, proteomic analysis - 

LC-MS/MS, metabolomics, FC 

Composition: RBCEVs enriched in cytoplas-

mic protein hemoglobin, the membrane pro-

tein band 3, the plasma-derived IgG, stoma-

tin, flotillin-1 and flotillin-2 

There was change in EV composition throughout storage 

confirmed by morphological and metabolic analysis. 

For a functional and intact RBCs membrane lipid and protein 

compartments interaction is necessary. 

a. TableS1: Selective studies evaluating the implications of RBC extracellular vesicles: Due to overlapping data selective studies 

on RBCEVs are provided in chronological order with emphasis on RBC source, composition, size and key findings. Abbrevia-

tions: AChE- Acetylcholinesterase, AFM- Atomic force microscopy, ATP- Adenosine triphosphate, DLS- dynamic light scatter-

ing, DPG- 2,3-diphosphoglycerate, EM- Electron microscopy, FC- Flow-cytometry, GPI- glycosylphosphatidylinositol, Hb- He-

moglobin, HRP II- Plasmodium falciparum histidine rich protein 2, ITP- Immune thrombocytopenia, LC-MS/MS- Tandem mass 

spectrometry, miRNA- microRNA, NTA- Nano-tracker analysis, PCA-ELISA- perchloric acid enzyme-linked immunosorbent 

assay, PC- phosphatidylcholine, PE- phosphatidylethanolamine, PG- phosphatidylglycerol, PI- phosphoinositides, PNH- Par-

oxysmal nocturnal hemoglobinuria pRBCs- Plasmodium falciparum red blood cells, PS- Phosphatidylserine, ROS- reactive oxy-

gen species SCD- Sickle cell disease, SM- Sphingomyelin, T2DM- Type 2 diabetes, TEM- transmission electron microscopy, TF- 

tissue factor, TLC- Thin-layer chromatography, TRPS- Tunable Resistive Pulse Sensing, UC- Ultracentrifugation,  
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